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2. FOREWORD

This is a report of our activities for the period 1 April 1976 to

30 June, 1982. We regret to report that during that period Professor

Neyman passed away (5 August, 1981). He had been active on ARO Research

Grants since 1954. His death marks the end of a glorious era in Statistics.

It also marks the end of the Berkeley Statistical Laboratory as we knew

it. The Laboratory is presently under the able directorship of eo Breiman

whose range of interests differs materially from that of Jerzy Neyman.

Professors E.L. Scott and L. Le Cam continued working on the grant until

its expiration on 30 June, 1982. The summary of research findings given

below for J. Neyman has been prepared by Lucien Le Cam.

V.,7-
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5. BODY OF REPORT

A. L. Le Cam

Most of the papers published during this period reflect ongoing

studies in the domain of asymptotic methods in statistical decision

theory. Although some may look theoretical, they were in fact directly

inspired by questions from applications. The "Reduction theorem for

certain sequential experiments" arose from the need to extend Neyman's

technique of C(a) tests to sequential schemes. It says that if for non-

random stopping rules one can approximate the family of distributions

by exponential families, thenone can restrict all considerations to

stopping rules that depend only on the statistics occuring. in the exponenti-

al approximations. The system behaves as if one used stopping rules on

processes with independent increments. For these there is a large body

of theorv.

The paper, with R. Traxler, on "Mixtures of Poisson" arose from a

claim by P.A.P. Moran that Neyman's treatment through C(a) tests does

not apply to this case. We show that the technique can be made to cover

very general cases, more realistic and more general than those covered

in previous literature. We also detail what happens when the "usual

regularity conditions" are not satisfied. Two papers deal with limit

theorems for empirical measures. The first was a relatively crude extension

of usual results to the case of independent but not identically distributed

observations. It was needed to study the robustness of various procedures

(see Paul Wang's thesis). The second is a better attempt inspired by work

of R. Dudley and D. Pollard. It gives inequalities that can be used in

a variety of problems, such as density estimation, construction of well

|I
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behaved estimates, etc.

The "Extension of a theorem of Chernoff and Lehmann" (with C. Mahan

and A. Singh) came from the construction of test of goodness of fit for a

logit model of effect of insulin treatment of prediabetic pregnant women.

It gives extensions of the results of Djaparidze-Nikulin, D.S. Moore and

Rao-Robson. It also gives a family of criteria intermediate between the

ordinary Pearson X2 and the Rao-Robson modification. These are intended

for use in situations where the relevant matrices are near singular, a

situation that occurs in particular in the logit case mentioned above.

There is a stray paper on "Tumor Growth". It came from an observation

by Bartoszynski et al that the commonly used birth and death model does not

fit the observable facts. We show that it cannot fit the observations even

if one allows each patient to follow his/her own arbitrary random clock.

A number of results'obtained under the grant have not yet made their

way to the printing press. Some will be included in a monograph, "Asymp-

totic methods in statistical decision theory". It is almost reedy, waiting

for a variety of corrections. The publishing houses of Springer, Wiley and

Wadsworth have expressed interest in the work.

One of the important chapters, Chapter 11, has previously been sent

to ARO. It deals with the general case of approximability by finite dimen-

sional Gaussian experiments. Previous versions, based on so called LAN

conditions, could not deal with some very common problems in which the

rates of convergence depend on the unknown parameters (as in explosive branching

processes or in some regression problems).

There are also some other new features. One is about the treatment of

dependent observations through a martingale approach. Billingsley had used

martingales in his monograph on "Inference in Markov Processes". Our at-

tack, suggested in "On local and global properties in the theory of asymp-

_ _ _ _ __!_I
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totic normality of experiments" (published in Stochastic Processes and

Related Topics, Editor M.L. Puri, Acad. Press, 1975) has become standard.

A definitive version is now being prepared by Priscilla Greenwood and

A.N. Shiryayev.

Another new feature refers to a construction of estimates through

tests between Hellinger balls. Using results of L. Birge, we show that

these estimates behave rather well. However at the present time we can

can compute them effectively only in very special situations. Copies

of the monograph will be made available as soon as corrections have been

entered.

B. J. Neyman

Since the inception of the grant in 1976 Jerzy Neyman published

30 papers. The preparation of 8 of them was supported by the grant. The

papers continue Neyman's .study c7 a variety of natural phenomena together

with the development of the statistical methodology needed to investigate

them. Particular effects were made on the theory and use of C(a) tests

(see Sankhy! paper #10 ). In a study of weather modification, the problems

are to find out whether cloud seeding modifies 1) the probability of rain

or 2) the average precipitation or 3) both. Tests of C(a) type for that

purpose were developed by Neyman with the help of E.L. Scott' Barry James,

Kang Ling James and Paul Wang. Still on weather modification, investigation

of a number of experiments has'shown that the effect of seeding car either

increase or decrease rainfall and that the effects can be very pronounced

as far away as 100 km from the intended target.

The development of statistical methodology to separate the occasions of

increase from those of decrease is expected to be continued by E.L. Scott.

At the time of his demise Neyman jointly with E.L. Scott had a first draft
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of a monograph on the problem. The monograph is being continued by

E.L. Scott.

Neyman was very interested in problems of pollution and health with

special emphasis on carcinogenesis. The paper with P.S. Puri gives

a model for the action of radiation on cells in culture. It yields the

joint distribution of the number of surviving health and surviving trans-

formed cells according to various characteristics of the incident radia-.

tion. An attempt is being made (by P.S. Puri, L. Le Cam and I. Janssen) to

fit the model to actual data from the Lawrence Berkeley Laboratory.

For the action of various agents Neyman worked on the problem of

detection of synergisms. The usual analysis of variance technique has

the curious property that 1) the tests would accept the hypvthesis of no

interaction (= no synergisms) but 2) the interactions are there strongly

enough to reverse the signs of the "main effects". A number of students

in the department worked on this problem under the direction of J. Neyman

and R. Bohrer.

Another problem that arises in many investigations of stochastic processes

is that of lack of identifiability. For instance, in the case of Markov

processes with a finite number of states when not all transitions are

observable, there may be the possibility of constructing several different

models, all leading to the same observable probabilities, but with .radically

different implications for intervention policies. The situation was studied

by Neyman, with Peter Clifford (Oxford) and Brian Yandell.

Neyman also reported further work on different forms of thi mechanism

of clustering as it occurs in the distribution of insects in field, the develop-

ment of populations, the spread of communicable diseases, the explosion of

_ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ I .- -
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galaxies and a number of natural phenomena. In the process of the above

mentioned studies Neyman introduced the concept of "outlier prone" and

"outlier resistant" families of distributions. A short description is

given in paper (8).

C. E. L. Scott

The subjects we have been working on are all efforts to have more

realistic studies of problems arising in many fields. In many examples

of comparison of two treatments, of studies of survival, of reliability

studies, and so forth, there are two possible effects that may be acting,

one early and the other long-term. Weather modification treatments may

change the probability that precipitation will occur at all, and also given

that there is some precipitation the treatment may increase (or decrease or

leave unchanged) the amount of precipitation per storm. Equipment may fail

almost immediately due to faulty construction or it may gradually wear out.

In most applications, both effects are of interest but it is the combination;

that provides the total value of the treatment. The two effects may act in

the same direction or they may be acting in opposition. Many researchers

ignore the first effect, others only apply one of the-standard tests. Our

asymptotic studies, accompanied by Monte Carlo simulations corresponding

to twelve suggested criteria (16), show that the criteria designed to be

locally optimum by Neyman and Scott, James and James, and Wang, are nearly

equally good and quite reasonable when the two effects are in the same

direction. But when they are in opposition, the power of every test goes

down and the procedure which neglects the first effect and also'the use

of the standard tests give invalid tests with very low power. Work is in

progress to develop new methods, such as two-stage tests that will detect
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that two effects are acting in opposition and then estimate the effects.

A slightly different situation arises when the two effects are com-

peting throughout time, which is the competing risks problem. For ex-

ample, if there are two causes of failure, say A and B, then after the

item fails from A, it cannot later fail from B and conversely. In many

applications, we want to estimate the net failure rate of each cause.

This is not difficult if A and B are independent, but it may be impossible

if A and B are dependent (unidentifiable). However, if A depends on B

but not conversely, estimation may be possible. We are progressing on de-

termining the restrictions under which the net risks can be estimated

and on providing efficient estimators.

We may try to obtain more precision by using multivariate observa-

tions but without assuming normality (for instance, one variable may be

discrete). Under what conditions on the underlying distribution will it

be more efficient to use the multivariate variables simultaneously, rather

than the two variables individually (with Skurnick)? In a related class

of problems, two types of observations may be contemplated, one of which

is less expensive in time and money but also less precise. How can one

use the cheap, fast data to design a more efficient experiment with the

costly data? There are many applications including using mutagenicity tests

to design carcinogenicity tests.

It is not easy to adapt exterior information to obtain more efficient

estimates. We showed (13) that Rubin's empirical Bayes procedure will

not provide more efficient selection methods but rather will tend to be

harmful. Studies of selection of admission and the prediction of performance,

I l | |
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are practical problems on which we have been working intensively. A series

of draft papers (29, 31 and others) has been prepared evaluating the ef-

ficiency of the standard selection procedures for students coming to a

university, examining the differential biases in the standard methods from

the viewpoint of sex, ethnicity, economic level, urban vs. rural, field

of study. We then turned to searching for alternative selection procedures

that will be both more reliable and fairer. We have found several pos-

siblities and are testing these on other universities and for other years.

One paper (23) will be published this year, and others are in preparation.

Further studies investigate the year to year fluctuations'and trends in the

performance of students using Box-Jenkins analyses. Also under study are

the effects of certain differences in the high school from which the student

came.

There are occasions when the experimenter does not follow exactly the

designed experiment as directed. A case study of this problem and the re-

sulting interpretation in a lengthy and expensive weather modification ex-

periment is described in (6).

1C
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